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Description 

FIELD OF THE INVENTION 

5 The present Invention relates to superalioys which have excellent high-temperature strength and low coefficients 

of thermal expansion, and which can be used as composite materials together with ceramics, cemented carbides and 
gas turbine components. 

BACKGROUND OF THE INVENTION 

10 

An Fe-36% Ni system alloy of Invar, 42-niclcel alloy of Fe-42% Ni system alloy, Koval alloy of Fe-29% Ni-1 7% Co 
system alloy, and other types of alloys have hitherto been known as alloys for use as components which require low 
coefficients of thermal expansion. Through they have low coefficients, these alloys have a low degree of strength at 
room and elevated temperatures; consequently, they cannot be used as components which require high strength at 
^5 room and elevated temperatures. 

A type of alloy corresponding to Incoloy 903 is disclosed in JP-B-41 -2767. and alloys improved over Incoloy 903 
are disclosed in JP-A-50-30729, 50-30730. 59-56563. 60-128243, U.S. Patent No. 4200459, etc. These types of alloys 
are known for their high-temperature strength enhanced by adding precipitation strengthening elements, such as Al, 
Ti and Nb, and also for their low coefficients of thermal expansion, smaller than those of ordinary austenitic alloys, but 
20 much greater than the coefficients of thermal expansion of the initially mentioned alloys. 

Alloys disclosed in JP-A-61 -231 1 38, 2-70040, etc. have strengths and coefficients of thermal expansion whteh are 
intermediate to those of Incoloy 903-system alloys and Koval-system alloys. 

With an increase in operating temperature for gas turbine components, there has been a trend toward in recent 
years an increasing demand for higher strength from room to elevated temperatures, for materials capable of main- 
25 talning a constant clearance between components or members from room to elevated temperatures, and for improve- 
ment in the properties of joining metallk: materials to materials, having low coefficients of thermal expansion, such as 
ceramics and cemented carbides. 

Such alloys are used as. for example, collars for joining the rotor shaft of automobile turbochargers with the ceramic 
blades. The alloys are also used as. components of gas turbines, such as compressor housings, exhaust ducts and.: 
30 sealing media; as sleeves for die casting aluminum each composed of a ceramic inner cylinder and an outer cylinder- 
made of a superalloy with a low coefficient of thermal expansion; and as edge tools, as cushioning materials of cemented, 
carbides and alloys, made of cemented carbides utilizing alloys with low thermal expansion. 

Incoloy 903 disclosed in JP-B-41-2767 has been put into practical use for such needs. However, it has a high 
notch-sensitivity at operating temperatures of about SOO^'C, and there is a marked difference between the notch and 
35 the smooth creep rupture strengths at 500**C, thus causing a problem. 

The alloys disclosed in JP-A-50-30729. 50-30730, 59-56563. 60-1 28243. U.S. Patent No. 4200459, etc. mentioned 
previously are proposed as improved alloys to solve the problem. Of the improved alloys, only Incoloy 909 has been 
put into practical use. However, although it Is superior to Incoloy 903 in notch rupture strength, it has a coefficient of 
thermal expansion substantially equal to that of Incoloy 903; the thermal expansion is not desirably decreased. 
^ On the other hand, although alloys disclosed in JP-A-61 -2311 38 and 20-70040 display coefficients of thermal 

expansion lower than that of Incoloy 909, these alloys have high-temperature strengths lower than that of Incoby 909. 

SUMMARY OF THE INVENTION 

45 In view of the above problems, the object of the present invention is to provide superalioys with low coefficients 

of thermal expansion which are capable of satisfying the need for the greatest high-temperature strength and the lowest 
coefficient of thermal expansion of all the conventional superalioys with low thermal expansbn. 

This object Is met by a superalby according to claim 1 . A preferred embodiment is disclosed in the dependent 
claim 2. 

so The inventor of this invention has conducted experiments on Fe-Co-Ni system alloys, and as a result, found Fe- 

Co-Ni ratios at which the coefficients of thermal expansion can be reduced to the lowest level and appropriate ranges 
within which Ti, Nb and Al, precipitation strengthening elements, can be added to increase high-temperature strength. 
This has led to the Invention of superalioys satisfying the need for higher strength at a high temperature and low 
coefficients of thermal expansion. 

55 In accordance with the invention, there is provided a superalloy of a low coefficient of thermal expansion comprising, 

by weight percent: 0.1% or less of C (carbon), 1 .0% or less of Si, 1 .0% or less of Mn, 0.5 to 2.5% of Ti, more than 3.0% 
and not more than 6.0% of Nb or Nb. and Ta within a range of 3.0<[Nb+^] ^6 0.01% or less of B (boron). 20 to 32% 
of Ni and more than 16% and not more than 30% of Co within a range of 48.8<1.235xNi+Co]<55.8, optionally 1.0% 
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or less of Ai, the balance being Fe plus Incidental impurities. 

In accordance with the Invention, there Is also provided a superalloy of a low coefficient of thermal expansion 
comprising, by weight percent: 0.1% or less of C, 1.0% or less of Si, 1.0% or less of Mn, 0.5 to 2.5% of Ti, more than 
3.0% and not more than 6.0% of Nb, 0,01% or less of B, 1.0% or less of AI, 20 to 32% of Ni and more than 16% and 
s not more than 30% of Co within a range of 48.8^1 .235xNi+Co]<55.8, the balance being Fe plus incidental impurities. 
The superalloy of a low coefficient of thernnal expansion has a mean coefficient of thermal expansion of 7.0 x 10~^/'*C 
or less from the room temperature to 400'*C, a tensile strength (1 kgh/mm^ = 98,0 bar = 9,81 N/mm^) of 10^ bar or 
more at 500*^0. and a notch rupture strength superior to a smooth rupture strength In a creep rupture test at 500"C. 



10 DETAILED DESCRIPTION OF THE INVENTION 



The reasons for limiting contents of alloying elements In alloys according to this invention will be set forth below. 
Percentages hereinafter used are weight percentages unless othenvise stated. 

Carbon combines with Ti and Nb to form carbide as to prevent ciystal grains from becoming coarse, and contributes 
IS to Improving strength. However, when carbon is added in excess of 0.1%, carbides of Ti and Nb are excessively pro- 
duced. Carbon decreases the amounts of solute Ti and Nb, both of which function as precipitation strengthening ele- 
ments, and increases the coefficients of thermal expansion of the alloys. Therefore, carbon content should be 0.1% 
or less. 

Silicon is an indispensable elementtobeaddedtothe invention alloys because it acts as a deoxidizer and promotes 
20 precipitation of Laves phase useful in refining the crystal grains and improving the shape of grain boundaries. However, 
the addition of Si in excess of 1% decreases hot-workability and high-temperature strength; Si content therefore should 

be limited to 1 .0% or less. 

Manganese is added as a deoxidizer and is contained in the alloys. It is undesirable for Mn to increase the coef- 
ficients of thermal expansion of the alloy when it is added excessively. Manganese content thus should be limited to 
25 1 .0% or less. 

As mentioned above, first, parts of Ti and Nb combine with carbon to form carbides, and then, as described below, 
the residual Ti and Nb combine with Ni and Co to form an intermetalllc compound, thus strengthening the alloys. m .^ 

Through an ageing treatment of the alloy, Ti, together with Ni, Co and Nb, precipitates fine gamma prime phase ; . ■ r: 

partk:les of several ten nano-meter whlch^consists of (Ni,Co)3(ri,Nb), thus remarkably increasing the tensile strength .v ^ . i -^ r-t-^t 

30 of the alloy at elevated temperatures.- Titanium content must be at least 0.5% to Increase such a tensile strength. .- -".r -rc-iKi . ■■\^r;-f/ 
However, when It exceeds 2.5%, it increases the coefficient of thermal expansfon but decreases hot-workability. There- , v r. -.. i i s 
fore, Ti content should be limited to 0.5 to. 2,5%. ; \: 

Niobium, like Ti. together with Ni and Co, precipitates gamma prime phase particles through the ageing treatment, 
thus markedly increasing hot strength. A part of niobium precipitates the Laves phase, with a diameter of several micron 

35 (\im), within grains and at grain boundaries. Niobium makes the crystal grains to be fine and remarkably increases the 
strength of grain boundaries, the tensile strength at high temperatures and the notch strength at approximately 500'*C. 
For this reason, Nb content is required to be more than 3.0%, however, when it is added in excess of 6.0%, it increases 
the coefficient of themnal expansion and decreases hot-workability. Niobium content therefore shoukJ be limited to more 
than 3.0% and not more than 6.0%. 

40 Tantalum Is an element belonging to the same group as that of Nb and has an atomic weight twice that of Nb. A 

part of Nb is replaceable with Ta within a range of 3.0<[Nb+^]<6.0. 

Titanium and niobium are indispensable elements to be added to the invention alloys. Aluminum may also be 
added as a precipitatbn strengthening element as well as a stabilizer element for the gamma prime phase. Aluminum, 
like TI and Nb, together with Ni and Co, precipitates fine gamma prime phase particles which consists of a face-centered 

45 cubic lattice structure of (Ni,Co)3(AI,Ti,Nb) of several ten nano-meter through the ageing treatment, thus increasing 
the strength at a elevated temperature. However, excessive aluminum decreases hot -workability and increases the 
coefficient of thermal expansion. Therefore, aluminum content should be limited to 1.0% or less. 

Boron segregates at crystal grain boundaries and increases the strength of grain boundaries, thus contributing to 
improving hot- workability and notch creep rupture strength at a temperature level of 500'*C. However, excessive boron 

so more than 0.01%, forms boride, thereby lowering the liquidus line of the alloys and thus deteriorating hot-workability. 
Therefore, boron content should be limited to 0.1% or less. 

Nickel, together with Co and Fe. forms a matrix. An Fe-Co-Ni ratio has a remarkable effect on the coefficients of 
themnal expansion of the alloys and a form of precipitates of an intermetalllc compound. The invention alloys contain 
may alloying elements, such as Ti, Nb and AI, in order to obtain a high-temperature strength which is the greatest 

ss possible strength of conventional alloys. Because the Fe-Co-Ni ratio which has not been found with the conventional 
alloys is found in this invention, it becomes possible to obtain a high tensile strength at elevated temperatures and a 
low coefficient of thermal expansion. In addition, the Laves phase is precipitated at the Fe-Co-Ni ratio of this invention 
in an amount much greater than that of the conventional alloys, thus contributing to strengthening of crystal grain 
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boundaries and increase the notcli creep rupture strengtii at approximately 500°C. 

For this reason, Ni content should be 20% or more. When it is less than 20%, an austenrtic phase becomes unstable, 
causing martensitic transformation, a decrease in hot-temperature strength and an increase in the coefficients of ther- 
mal expansion. On the other hand, when Ni content is more than 32%, it increases the coefficients of thermal expansion 
5 and decreases the amount of precipitation of the Laves phase which contributes to strengthening of crystal grain bound- 
aries. Nickel content should thus be limited from 20 to 32%. 

Cobalt, like Ni, together with Fe, constitutes the matrix, and contributes to decreasing the coefficients of thermal 
expansion and precipitation of the Laves phase. Cobalt must be added in excess of 16%. When cobalt content is 16% 
or less, the austenitic phase becomes unstable, causing martensitic transformation, a decrease in high-temperature 
10 strength and an increase in the coefficients of themnal expansion. On the other hand, when cobalt Is added in excess 
of 30%, it increases the coefficients, and therefore it should be more than 16% and not more than 30%. 

The lowest coefficient of thermal expansbn can be obtained depending on the balance between the contents of 
Ni and Co, and the sum of the two components Is a very important value. 

As disclosed in JP-B'41 -2767, cobalt contributes to lowering the coefficients of thernnai expansion at a ratio 1 .235 
IS times the ratio at which Ni contributes. The experimenter of this invention has experimentally investigated this fact and 
confirmed that Co is 1 .235 times more effective than NI in temr^s of contributing to lowering the coefficients of thermal 
expansion. Low coefficients of thermal expansion of the alloys of this invention are within a range lower than the 
coefficient of thermal expansion of the alloy, containing the sum of 1 .235Ni and Co, disclosed In JP-B-41 -2767. When 
the sum of 1 .235NI and Co is 55.8 or more, the coefficients of thermal expansion increase excessively, whereas when 
^ It is less than 48.8, martensitic transformation tends to occur easily. Therefore. Ni and Co should be limited to within 
a range expressed by the following equation. 

48.8<[1.235Ni+Co]<55.8 

2$ 

The alloys of this invention have low coefficients of thermal expansion and high strength at elevated temperatures 
during ageing and solid-solution treatments. When the alloys are used as gas turbine components, joining components 
of ceramic or cemented carbide, etc. and if the coefficients. of thermal expansion of these alloys are more than 7.0 x 
10-6/»o at temperatures ranging from.the'room temperaturerto 400'lC,.dtMs impossible to secure clearance and joining 
30 strength sufficient for use at elevated temperatures. Therefore, the coefficients of thermal expansbn should be limited 
to 7.0 x ^0^^/''C or less at the above temperature range. - ; 

When tensile strength at 500**C is less than 10^ bar , the alloys cannot withstand joining stress, such as shrink 
fitting or stress during high rotation at elevated temperatures. Thus, tensile strength at 500"C is limited to 10^ bar or 
more. 

3S In many cases, such superalloys with low coefficients of thermal expansion have several stress concentrations 

when actually used as products. If the notch strength of the stress concentrations is lower than that of smooth surfaces, 
the alloys may fracture much earlier than the designed rupture life. This decrease in the notch strength is most acute 
at approximately 500**C. If a notch portion ruptures earlier than a smooth surface of a material in a combined smooth/ 
notch creep rupture test at approximately SOO^'C, the conditions under which such a material can be actually used are 

40 limited. It Is important for notch rupture strength to be greater than smooth rupture strength in the combined smooth/ 
notch creep rupture test at 500°C, and for the material not to rupture at the notch portion thereof. 

Table 1 shows chemical compositions of the conventional alloys and the invention alloys. The invention and con- 
ventional alloys were melted in a vacuum induction melting furnace and formed into ingots of 10 kg. Then the alloys 
were maintained at 1150°C for 20 hours, a homogenizing treatment; forged at a heating temperature of IIOO^'C; and 

45 formed into a square sample of 30 mm. Thereafter, all the alloys, except for conventional alloy No. 11 , were subjected 
to a solution treatment in which these alloys were maintained at 982*'C for one hour and then air cooled. Alloy No. 11 
was subjected to another solution treatment in which it was maintained at 930''C for 1 hour and then air cooled. All the 
alloys were subjected to a two-state ageing treatment in which the alloys were first maintained at 720**C for 8 hours 
and cooled to 620*^C at a cooling rate of 55°C/hr, and then maintained at 820''C for 8 hours and air cooled. 

so 



ss 



4 



EP 0 558 775 B1 





1-235 
Ni+Co 


54.7 


54.3 


53.1 


54.3 


53.6 


54.5 


52.5 


53.6 


54.9 


52.8 


61.9 


60.1 


55.1 




Fe 


Bal. 


Bal 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 


Bal. 




m 


0.004 


0.005 


0.007 


0.006 


0.005 


0.004 


0.005 


0.004 


0.004 


0.007 


1 


1 


1 


rt%) 


JQ 


4.71 


5.21 


5.04 


\o 
vo 


*n 
<*> 


o 




ID 


CO 

o 


3.81 


2.96 


4.71 


6.06 


tion (w 


•H 

Eh 


1.53 


1.33 


1.36 


1.57 


1.61 


1.41 


2.23 


0.97 


1.30 


1.87 


1.42 


1.52 


0.05 


Composi 


Al 




1 


1 


1 


1 




1 


0.52 


0.57 


0.81 


0.85 


0.03 


0.08 


emical 


Co 


23.0 


16.9 


20.2 


22 .4 


: 22.7 


27.2 


23.0 


19.9 


23.0 


21.2 


15.0 


13.2 


22.5 


Ch 


•H 


25.7 


30.3 


26.6 


25.9 j 


25.1 


22.1 


23.9 


27.3 


25.8 


25.6 


38.0 


38.0 


26.4 1 






0.19 


0.21 


0.26 


0.32 


0.91 


0.36 


0.28 


0.15 


0.30 


0.35 




0.01 


1 




Si 


0.45 


0.03 


0.40 


0.88 


0.43 


0.46 


0.18 


0.02 


0.44 


0.24 




0.46 


0.12 1 




u 


0.03 


0.04 


0.07 


0.05 


0.05 


0.03 


0.04 


0.05 


0.03 


0.08 


0.03 


0.04 


0.03 1 


No* 




CN 






m 






00 




o 

i-t 


.-1 


<N 
)-t 


m 


Type 


Inven- 
tion 
Alloy 




Con- 


rH 
(0 
1 C 

3 0 
1) -H 
> +J 


Alloy 1 



EP 0 558 775 B1 



Conventional alloy No. 11 is an alloy corresponding to Incoloy 903; alloy No. 1 2 is an alloy corresponding to incoloy 
909; and alloy No. 1 3 is an alloy disclosed in JP-A-2-70040. All the alloys of this Invention and the conventional alloys 
Nos. 12 and 13, not alloy No. 11, were subjected to the same standard heat treatment as that used for Incoloy 909 
corresponding to conventional alloy No. 12. 
s Since conventional alloy No. 1 1 . corresponding to Incoloy 903, has a low recrystallization temperature which causes 

the ciystal grains to grow easily, it was subjected to a solution treatment at a temperature of 930^0 lower than that 
used for the other alloys. 
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Table 2 shows tensile properties at normal temperatures and at SOO^C, combined smooth/notch creep rupture 
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properties at 500°C. and the mean coefficient of thermal expansion at temperatures ranging from 30 to 400°C. A 
reduced specimen A370 having a parallel portion of 6.35 mm diameter and a distance of 25.4 mm between marks was 
used as a tensile specimen. A tensile test was conducted using the ASTM testing method at normal temperatures and 
at 500°C. Test specimen No. 9 of A453, having smooth and notch portions of a diameter of 4.52 mm and a distance 

s of 18.08 mm between marks on the smooth portion, was used in a combined smooth/notch creep rupture test. This 
creep rupture test was conducted using the ASTM method under conditions where the testing temperature was 500'C. 
and an initial stress of 5 kbar was applied only to alloys Nos. 11 and 13, and an Inrtlal stress of B kbar to the other 
alloys. Alloys which did not rupture in the period of up to 200 hours were given a stress of 500 bar every 8 to 16 hours 
thereafter until the alloys were ruptured forcibly. 

10 Table 2 also shows the total amount of test time (indicated in the rupture life column) whfch is the time from when 
the initial stress Is applied until the final stress leading to rupture is applied (indicated in the rupture stress column). 
Elongation values are shown in the elongation columns when alloys rupture at the smooth portions, and symbol "N" is 
shown in the same columns when alloys rupture at the notch portions. A test specimen with a diameter of 5 mm and 
a length of 19.5 mm was used to determine the mean coefficient of thermal expansion at temperatures ranging from 

75 30to400'C. 

As can be seen from Tables 1 and 2, all the alloys of this invention have excellent tensile strength at 500°C and 
at room temperatures; have a notch strength greater than the strength of the smooth portion when the alloys are 
ruptured at the smooth portions thereof in the combined smooth/notch creep rupture test at 500° C; and have greater 
rupture stress. In addition, all the alloys have a mean coefficient of thermal expansion of 7.0 x 10'^/^C or less from 

20 normal temperatures to 400*C. 

On the other hand, conventional alloy No. 11 (Incoloy 903) can manifest tensile strength at 500^*0 and at room 
temperatures substantially equal to that of the invention alloys. Alloy No. 11 , however, has extremely low notch strength 
at 500'C and the coefficient of thermal expansion which is higher by 20% or more (not weight percent) than the coef- 
ficients of thermal expansion of the alloys of this invention. The reason that Incoloy 903 has an abnormally high notch 

25 sensitivity appears to be that the Nb content Is relatively low and Incoloy 903 does not form a structure sufficient for 
precipitating the Laves phase of Fe, Co, Ni and Nb, with the result that the strength of the grain boundaries is not 
thoroughly retained. : ' 

Conventional alloy No. 12 (Incoloy 909) is an alloy prepared by decreasing the Al content and increasing the Nb _ 
content in Incoloy 903.. Even at the same Fe-Co-NI ratio, the Laves phase precipitates and the notch rupture strength , 

30 of alloy No. 12 increases. However, no decrease in the coefficient of thermal expansion of alloy No. 1 2 can be observed . 
because the Fe-Co-Ni ratio in alloy No. 12 is the same as that of Incoloy 903 and thus alloy No. 12 has a high 
■1 .235Ni+Co'' value. Alloy No. 1 2 displays a coefficient of thermal expansion greater than those of the alloys according 
to this Invention. 

Compared with the alloys of this invention, alloy No. 13 has a ''1.235Ni+Co" value which falls within the range of 
35 the alloys according to this invention, and therefore displays a favorable coefficient of thermal expansion. However, 
alloy No. 13 contains a small amount of Ti, which is a precipitation strengthening element, resulting in incomplete age 
hardening. Also it has tensile strength which is apparently inferior to that of the alloys of this invention. 

When the altoys of this invention are used as gas turbine components, members joined with ceramics or cemented 
carbides, etc., they are capable of simultaneously satisfying the need for a high strength at a high-temperature and 
40 low thermal expansion, both of which properties cannot be obtained with the conventional alloys. The alloys of this 
invention can be applied to structural materials which require great strength and maintain a constant clearance between 
the members or components from normal to elevated temperatures. Also, the alloys of this invention can be reliably 
joined to materials of low thermal expansion, such as ceramics and cemented carbides, which serve as structural steel, 
and the alloys provide high strength. 

45 

Claims 

1. A superalloy with a low thermal expansion coefficient consisting of. by weight per cent: 0.1% or less of C, 1 .0% or 
so less of Si, 1 .0% or less of Mn. 0.5 to 2.5 % of Ti, more than 3.0% and not more than 6.0% of Nb or Nb and Ta 

within a range of 3-0<[Nb4^]<6.0. 0.01% or less of B, 20 to 32% of Ni and more than 16% and not more than 
30% of Co within a range of 48.8<[1.235xNi+Co]<55.8, optionally 1.0% or less of Al. the balance being Fe plus 
incidental impurities. 

55 2. The superalloy according to claim 1 having a mean coefficient of thermal expansion of 7.0 x 10"^/°C or less from 
room temperatures to AOO^'C, a tensile strength of 10^ bar or more at 500*C, and a notch rupture strength superior 
to a smooth rupture strength in a creep rupture test at 500°C. 
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Patentanspruche 

1. Superlegierung mit einem kleinen thermischen Ausdehnungskoeffizlent bestehend aus, bezogen auf Gewichts- 
prozent: 0,1% Oder wenigerC, 1,0% Oder weniger Si, 1,0% Oder weniger Mn, 0,5 bis 2,5% Ti, mGhrals3,0% und 
nicht mehr als 6,0% Nb oder Nb und Ta mit einem Bereich von 3,0<[Nb+Ta/2]<6,0, 0,01% oder weniger B, 20 bis 
32% Ni und mehr als 1 6% und nicht weniger als 30% Co in einem Bereich von 48,8^[1 ,235xNi+Co]< 55,8, optional 
1 ,0% Oder weniger Al, wobei der Ausglelch Fe und zufallige Verunreinigungen sind. 

2. Superlegierung gemaB Anspruch 1 mit einem durchschnittlichen thermischen Ausdehnungskoeffizlent von 7,0 x 
10*6/*C Oder weniger von Raumtemperatur bis 400'*C einer Zugfestigkeit von 10* bar oder mehr be! 500*C und 
einer Kerbbruchfestigkeit, die hoher ist als die Glattbruchfestlgkelt in einem Zeitstandfestigkeitstest bei 500°C. 



Revendicatlons 

1. Superaltiage ayant un faible coefficient de dilatation thermique constitu6, en pourcentage en poids, par ; 0. 1 % ou 
moins de C, 1 ,0 % ou moins de Si, 1 ,0 % ou moins de Mn, 0,5 a 2,5 % de Tl, plus de 3,0 % et pas plus de 6,0 % 
de Nb ou de Nb et Ta dans la gamme de 3,0 < [Nb+^] < 6,0, 0,01 % ou moins de B, 20 ^ 32 % de Ni et plus de 
1 6 % et pas plus de 30 % de Co dans une gamme de 48,8 < [1 ,235xNi+Co] < 55,8, eventuellement 1 ,0 % ou moins 
de Al. te reste 6tant Fe plus des impuretds accidentelles. 

2. Superalliage selon la revendication 1 , ayant un coefficient de dilatation thermique moyen de 7,0 x 1 Q-^rc ou moins 
k partir de temperatures ambiantes jusqu'^ 400 °C, une resistance a la traction de 10"* bars ou plus k 500 ''C. et 
une resistance k la rupture avec entaille sup^rieure a la resistance k la rupture a T^tat lisse dans un essai de 
rupture en fluage k 500 '^C. 
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